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                                                                                                                                  Abstract



	The giant strides made in the understanding of bimolecular structure and function has enabled the understanding of mechanism of a wide variety of biological processes. As a result of this, chemists are now beginning to design and redesign proteins with impressive results. The design of existing and novel protein folds requires a thorough understanding of the factors that determine the protein structure and stability. Several techniques are available for obtaining the structural information of peptides, proteins, nucleic acids and oligosaccharides. Among these, high resolution NMR spectroscopy is one of the most powerful and widely used technique for such studies. In the present thesis the synthetic studies and NMR investigation of peptides, peptidomimetics and pseudo sugars are described.

	The thesis entitled “Study of Peptides, Peptidomimetics and Pseudo sugars : Synthesis and NMR Investigation” is divided into four chapters.
Chapter I gives a general introduction to peptides and peptidomimetics.		
Section 1  described conformation analysis of peptides.
Section 2  describes NMR spectroscopy techniques.
Section 3  describes NMR parameters used in the  structural conformational study of peptides.
Chapter II deals with design and study of peptides containing 3-amino benzoic acid.
Section 1 gives an introduction to  sheets and  hairpins.
Section 2 describes synthesis of peptides containing 3- amino benzoic acid.
Section 3 describes structural study of peptides containing 3-amino benzoic acid.
Chapter III describes study of C2 symmetric peptidomimetics as potential HIV-1                       protease inhibitors.
Section 1 gives an introduction to HIV protease inhibitors.
Section 2 describes conformational analysis of C2 symmetric peptidomimetics.
Chapter IV describes conformational study of pseudo sugars.
Section 1 gives introduction to pseudo sugars.
Section 2 describes the study of highly functionalised  cyclohexanes.
Section 3 describes the study of C-C linked pseudo saccharides.
Section 4 describes the study of spiro carbon linked deoxy disaccharides.

Chapter I: General Introduction

Section 1: Conformational analysis of Peptides

	A general introduction to peptides and peptidomimetics has been presented. The peptide conformation is explained in terms of the dihedral angles and the Ramachandran plot. Various secondary structure like helix, -sheets, -turns and -turns are discussed.

Section 2: NMR Spectroscopy 

	Development of Fourier NMR spectroscopy replaced the traditional technique of C. W. spectroscopy and formed the foundation for the modern multidimensional experiments. Such one dimensional experiments give enough spectral information to provide structural information. However extensive overlap is observed in molecules with higher molecular weights. To overcome this difficulty conventionally double resonance experiments like decoupling technique were used. The potential information lost in the one-dimensional NMR spectra due to spectral overlap has been retrieved to great extent by employing two dimensional (2D) NMR techniques. Basic experimental techniques for 2D sequences like COSY, TOCSY, NOESY, ROESY are helpful in conformational analysis of peptides, proteins and carbohydrates.

Section 3: NMR Parameters in conformational study of peptides

	Various NMR parameters like chemical shift, J coupling, NOE and hydrogen bonding  are obtained by employing 2D NMR experiments for proteins and peptides. By compiling all the information obtained from these parameters the three dimensional secondary structure of peptides can be determined. 




Chapter II: Design and study of peptides containing 3-amino benzoic acid

	It deals with the design and synthesis of peptides containing -hairpin and their conformational analysis by NMR spectroscopy and molecular dynamics. This is divided in to three sections.

Section 1: Introduction - -sheets and -Hairpins

	-hairpins are the simplest -sheet assembly and are composed of two antiparallel -strands connected by a -turn or a short loop. -hairpin model systems have been used to identify several factors that are crucial to antiparallel -sheet stability, including the conformational propensity of the loop-forming segment and sidechain–sidechain interactions between neighbouring strands. Thus it is important to identify the most effective strategies for assembling peptide strands into -sheets for rationalising natural protein folding patterns and designing new proteins. 

Section 2: Synthesis of peptides containing 3-amino benzoic acid 

	3-amino benzoic acid (Aba) is a  amino acid with a rigid backbone structure, with the  and  values of about 180, thus it is likely to promote -sheet like structure. The effects of insertion of 3-amino benzoic acid (Aba) into peptides containing both enantiomers of Pro-Gly as turn inducers is investigated by synthesising and studying following peptides. 
		Boc-Gly-Aba-LPro-Gly-Aba-Val-CO2Me	1
		Boc-Gly-Aba-DPro-Gly-Aba-Val-CO2Me	2
		Boc-Ala-Gly-Aba-LPro-Gly-Aba-Val-Val-CO2Me	3
		Boc-Ala-Gly-Aba-DPro-Gly-Aba-Val-Val-CO2Me	4
		Boc-Ile-Val-Aba-LPro-Gly-Aba-Ile-Val-CO2Me   5
		Boc-Ile-Val-Aba-DPro-Gly-Aba-Ile-Val-CO2Me   6
	These peptides were synthesised by adopting segment condensation method. Hexapeptides were synthesised by condensing two tripeptides [3+3=6] whereas  octapeptides, were  obtained by coupling two tetrapeptides [4+4=8].
Synthesis of Boc-Gly-Aba-LPro-Gly-Aba-Val-OMe (1)

	Hexapeptide 1 was synthesised by coupling tripeptides Boc-Gly-Aba-LPro-OH and H-Gly-Aba-Val-OMe using EDCI / HOBt in basic conditions. LPro was converted to methyl ester LProline hydrochloride salt by treatment with thionyl chloride in methanol at 0 C which was neutralized by triethylamine to obtain the free amine 7. Boc-Aba-OH 8 was coupled to amine 7 by means of EDCI (used as coupling agent) and  HOBt (used as carboxyl activating agent) in DCM at 0 C under nitrogen atmosphere to afford the dipeptide Boc-Aba-Val-OMe 9 in 78.6 % yield. 
	Boc deprotection of 9 was accomplished by treating with 50 % TFA in anhydrous DCM to give the amine compound as TFA salt, which on exposure to triethylamine afforded the amine 10. The crude amine 10 obtained on evaporation of the solvent, was coupled to Boc-Gly-OH 11 using ehtylchloroformate and N-methyl morpholine (NMM) in DCM at –20 C to furnish tripeptide 12 in 70.2 % yield (Scheme 1). The resultant tripeptide was column purified and characterised by 1H NMR spectrum. Tripeptide 12 was saponificated to yield its free acid Boc-Gly-Aba-LPro-OH 13.
	Valine was treated with SOCl2 in MeOH at 0 C to yield methyl ester of valine hydrochloride, which was treated with Triethylamine to generate free amine 14. Coupling between Boc-Aba-OH 8 and H-Val-OMe 14 by using EDCI and HOBt resulted in dipeptide 15 in 73.3 % yield. Treatment of 15 with 50 % TFA in DCM yielded TFA salt of the dipeptide, which was neutralised by triethylamine to afford free amine of dipeptide 16. Coupling between Boc-Gly-OH 11 and 16 using ethylchloroformate and N-methyl morpholine resulted in the formation of tripeptide 17 in 94 % yield.
	Tripeptide 17 was treated with TFA to yield its TFA salt, which was treated with triethylamine to yield its free amine 18. Coupling between free amine 18 and carboxylic acid of tripeptide 13 by EDCI / HOBt at 0 C under N2 atmosphere yielded the hexapeptide 1 in 66 % yield. Employing 1D and 2D NMR spectroscopic techniques structure of 1 was confirmed.	
	Similar procedure was employed for the synthesis of 2 (yield 62 %), where DPro was used in place of LPro.



Synthesis of Boc-Ala-Gly-Aba-LPro-Gly-Aba-Val-Val-OMe (3)

	Octapeptide 3 is an extension of hexapeptide where N terminus of hexapeptide was extended by Ala and C terminus by Val. Synthesis 3 was achieved by coupling two tetra peptides Boc-Ala-Gly-Aba-LPro-OH and H-Gly-Aba-Val-Val-OMe by DCC/HOBt in basic medium. 
	Coupling between Boc-Gly-OH 11 and H.Aba-OMe 19 using ethylchloroformate and NMM yielded the dipeptide Boc-Gly-Aba-OMe 20, which was saponificated to yield its carboxylic acid Boc-Gly-Aba-OH 21. Similarly coupling between Boc-Val-OH 22 and H.Val-OMe 14 by DCC / HOBt yielded dipeptide Boc-Val-Val-OMe 23 in 88.8 % yield. Which was treated with TFA in DCM to furnish the TFA salt of dipeptide 24. Treatment of 24 with triethylamine yielded its free amine 25. Coupling between 21 and 25 using  DCC / HOBt resulted in tetrapeptide Boc-Gly-Aba-Val-Val-OMe 26, which on treatment with TFA yielded its TFA salt, and its neutralisation using Triethylamine yielded free amine of tetrapeptide 27.
	Tripeptide Boc-Gly-Aba-LPro-OMe 12 was treated with TFA to yield its TFA salt which was neutralised with triethylamine to yield free amine 28. Coupling between Boc-Ala-OH 29 and free amine 28 using DCC / HOBt yielded tetrapeptide 30 (Scheme 2), which was treated with LiOH in TFA, H2O, MeOH (1:2:1) system to yield its free carboxylic acid 31.
	Coupling between Boc-Ala-Gly-Aba-LPro-OH 31 and H-Gly-Aba-Val-Val-OMe 27 using DCC / HOBt with DCM as solvent under N2 atmosphere yielded octapeptide 3 in 62 %, which was characterised by 1D and 2D NMR spectroscopy. Octapeptide 4 was synthesised using above strategy in 65 % yield, by varying LPro with DPro. Octapeptide 3 and 4 are found to be more polar and less soluble in CDCl3 thus they are studied by adding 4% DMSO-d6

Synthesis of Boc-Ile-Val-Aba-LPro-Gly-Aba-Ile-Val-OMe (5)

	To establish our strategy further octapeptide 5 and 6 are designed and synthesised, which are less polar compared to 3 and 4 and can be studied in non-competitive solvent like CDCl3 . Synthesis of 5 was achieved by coupling Boc-Ile-Val-Aba-LPro-OH and H-Gly-Aba-Ile-Val-OMe by using DCC/HOBt and TEA in DCM as solvent (Scheme 3). 
	Coupling between Boc-Ile-OH 32 and H.Val-OMe 14 using DCC/HOBt yielded dipeptide Boc-Ile-Val-OMe 33 which on treatment with 50 % TFA yielded its TFA salt, whose neutralisation yielded free amine 34. Coupling between 34 and Boc-Gly-Aba-OH 21 yielded the tetrapeptide Boc-Gly-Aba-Ile-Val-OMe 35, which was treated with TFA to yield its free amine 36.
	Dipeptide 33 was treated with LiOH in THF, H2O, MeOH (1:2:1) to yield its free carboxylic acid Boc-Ile-Val-OH 37. Coupling of 37 with H.Aba-LPro-OMe 10 using ethyl chloroformate and NMM at –20 C yielded tetrapeptide 38. Saponification of 38 with LiOH in THF, H2O, MeOH (1:2:1) yielded its free carboxylic acid 39. Coupling between Boc-Ile-Val-Aba-LPro-OH 39 and H-Gly-Aba-Ile-Val-OMe 36 afforded octapeptide 5 in 59% yield , which was confirmed by 1D and 2D NMR spectroscopy. 	
	Similar procedure was employed for synthesising 6 (yield 62 %), wherein DPro was used in place of LPro

Section 3: Structural study of peptides containing 3-amino benzoic acid

	The conformational analysis of the hexapeptides 1,2 and octapeptides 3-6 were carried out by NMR spectroscopy techniques like TOCSY and ROESY. NMR parameters like chemical shifts, coupling constants, H-bonding data were thoroughly analysed for the structural conformation of these peptidomimetics. H-bonding studies were carried out by employing solvent titration method, wherein small amounts of DMSO-d6 was added to these peptidomimetics dissolved in CDCl3 solution. Aggregation studies were carried out by studying the variation of chemical shift on dilution from 10 mM solution to 0.01 mM solution. 
	Peptidomimetics 1,2 showed the signature of hairpin, which was supported by characteristic NOEs. Further in 3-6 stable -hairpin formation is observed from NMR spectroscopic studies. Both enantiomers of Pro-Gly at turn region supported the formation of stable -hairpin. It has been shown that among the two enantiomers of Pro-Gly, -sheets with a natural twist, accommodate only the loop containing the DPro-Gly and provide stable -hairpin. Molecular dynamics simulation studies and CD data further support the secondary structure adopted by the synthesised peptidomimetics 1-6. 

Chapter III: Study of C2 symmetric peptidomimetics as potential HIV-1 protease inhibitors

	In this chapter the conformational analysis of carbohydrate-peptide hybrid based C2 symmetric peptidomimetics is discussed. This chapter is further divided into two sections.

Section 1: Introduction - HIV protease inhibitors 

	Human immunodeficiency virus (HIV), the etiologic agent of acquired immune deficiency syndrome (AIDS), is spreading at an alarming rate. Recent development of new AIDS drugs, notably the HIV-1 protease inhibitors provides new optimism in the treatment of AIDS. A number of reports on the design and synthesis of HIV protease inhibitors have been published. The existence of the HIV protease inhibitor in C2 symmetry lead to design of drugs with C2 symmetry.

Section 2: Conformational analysis of C2 symmetric peptidomimetics 

C2 symmetric peptidomimetics 40-48 are developed as potential HIV protease inhibitors based on the concept of carbohydrate peptide hybrid structures. Core carbohydrate moieties 2,5-anhydrous-D-idaric acid 49, 1,6-diamino-2,5-anhydrous-1,6-dideoxy-D-iditol 50 and 1,6-diamino-2,5-anhydro-1,6-dideoxy-D-mannitol 51 (Figure 1) were used which maintain C2 symmetry and similar peptide strands are attached on both terminals  of the sugar moiety. 


Results of conformational analysis of these peptidomimetics 40-48 achieved by NMR spectroscopy are discussed in this section. The hydrogen bonding studies were carried out by observing temperature coefficients of amide protons of amino acids. The NOE connectivities coupled with the chemical shift and coupling constants were used in the conformational study. Except for 41, all the compounds displayed perfect C2 symmetry in solution. Nine membered pseudo -turn was observed in compounds 43, which was supported by moderate H-bonding between ValNH  SugarOH. Deviating from the design peptidomimetics 45-48 did not display the presence of unusual -turn.  Molecular dynamics simulation study on 43 support the proposed secondary structure.  

Chapter IV: Conformational study of pseudo sugars

	This chapter deals with the NMR investigation of pseudo sugars. This is further divided into four sections.

Section 1: Introduction - Pseudo sugars

	C-Glycosides or C-saccharide have attracted the attention of synthetic organic chemists in the recent times, due to their use as mimics for natural counterparts in enzymatic and metabolic studies. Added to this, several bioactive natural products and complex nucleosides have C-glycosides as part structure. Based on NMR studies using one dimensional and two dimensional experiments molecular structure of the  compounds were obtained.

Section 2: Study of Highly functionalised cyclohexanes

	Highly functionalised cyclohexanes are useful intermediates for the synthesis of natural products. Oxygenated cyclohexanes derivatives are part structures of several bioactive natural products such as antibiotics, enzyme inhibitors etc. which play a vital role in life processes. This section deals with conformational study  of highly oxygenated cyclohexanes 52-54 (Figure 2) synthesised by employing [3+3] annulation  approach. 

	The six membered ring in these compounds exist in energetically favoured chair conformation, which is further supported by vicinal couplings and NOE data.

 Section 3: Study of C-C linked pseudo saccharides 

	This section deals with conformational study of C-C linked pseudo saccharides precursors 55-59 (Figure 3) synthesised by adopting the above mentioned protocol on sugar derived enal .  

	In pseudo saccharides 55-59 the six membered ring exists in chair conformation and the five membered sugar ring is in twist conformation. In 55-57 and 59 the dihedral angle H4-C4-C5-H5  at C-C link is about 170, where as for 56 it is about 130.

Section 4: Study of Spiro carbon linked deoxy disaccharides

	Spiro saccharides are part structures of several natural products of biological importance. These metabolites are produced from sources that include insects, microbes, plants, fungi and marine organisms. In these class of compounds the sugars are attached through a ‘spiro’ carbon atom. This section deals with conformational study of spiro saccharides 60-63 (Figure 4).

	Six membered ring in compounds 60 and 61 exist in energetically favoured chair form however for 62 and 63 the six membered ring takes a distorted boat form. The five membered ring with cyclic acetal is in equilibrium between two envelop conformations.
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